SUMMARY Patterns of pertechnetate uptake were correlated with ultrastructural properties of the endothelial wall in 14 human brain tumours. In tumours with reduced uptake of the radionuclide, intercellular tight junctions were observed whereas absence of intercellular tight junctions was characteristic of all tumours with an increased uptake of pertechnetate. In some tumours with increased uptake, fenestrated endothelial wall was seen while in others nonfenestrated wall was evident. We concluded that intercellular junctions and not fenestrations affect the permeability of brain tumours to pertechnetate. (Penning and Front, 1975) . Two main factors govern the passage of Tc-pertechnetate from the blood into the tissue of the tumours-the vascularity of the tumour, and the permeability of the blood-brain barrier.
The uptake of 99'Tc pertechnetate by tumour tissue is the basis for the visualisation of brain tumours by scintigraphy. Various patterns of pertechnetate uptake have been found in brain scintigraphy. Some tumours are visualised early and intensely, others late or not at all (Penning and Front, 1975) . Two main factors govern the passage of Tc-pertechnetate from the blood into the tissue of the tumours-the vascularity of the tumour, and the permeability of the blood-brain barrier.
In a previous study, uptake of pertechnetate was found to be independent of vascularity (Front, 1978) . It was suggested that changes in the bloodbrain barrier, which is localised in the capillary wall, might be involved with the different rates of 99mTc-pertechnetate uptake. In the present study we extended our investigations to include the ultrastructural properties of the capillary wall. Thus, both scintigraphic assessments and electron microscopic studies were carried out on the same tumour, in order to correlate given ultrastructural features with scintigraphic patterns of pertechnetate uptake.
Subjects and methods
Fourteen patients whose clinical condition enabled detailed scintigraphic assessments and whose removed tumours were adequately processed for electron microscopy, were included. Radionuclide angiography was performed by a gamma camera after injection of 15 mCi of radioactive technetium pertechnetate (99n'Tc). An early four-view study collecting 400 000 counts per view followed. A static study was done after two hours. The same technique was used for 99"Tc-labelled red blood cells (99' Tc RBC) (Front, 1978) .
Samples of brain tumours were taken from the patients during surgery and placed immediately in cold glutaraldehyde 2.5% in phosphate buffer (0.lM; pH 7.2). After five minutes in the fixative the tissue was cut into small blocks and left in fresh fixative for two hours at 40C. The lc) . In the thicker non-fenestrated part of the cytoplasm, filaments, and pinocytotic vesicles were observed ( Fig. 1) .
Most of the junctions between adjacent endothelial cells were long and somewhat convoluted and were difficult to observe at a favourable plan. However, when a shorter junction was sectioned at a right angle an open gap was clearly visualised (Fig. I d) .
In two cases of metastatic carcinoma, quick and intense uptake of pertechnetate was seen (Table, cases 6 and 7, group A). This was coupled in one patient (case 7) with low vascularity. The ultrastructural characteristics were similar to those found in meningiomas.
In one case of astrocytoma grade 2 and three cases of glioblastoma multiforme, medium to high pertechnetate permeability was found (Table, cases 8-11, group B). In astrocytoma ( Fig. 2b ) and one case of glioblastoma (cases 8 and 9) low vascularity was observed, while in the two other cases of glioblastoma (cases 10 and 11) medium vascularity was recorded.
Ultrastructurally, this group of tumours (Table, group B) revealed non-fenestrated type endothelial wall together with open intercellular junctions. In the astrocytoma, about half of the tumour capillaries consisted of highly hypertrophic endothelial cells (Fig. 2c) . The thicker part of the cell bulged into the lumen and almost obliterated it. The uptake of pertechnetate was obviously not affected by these structural abnormalities as could be seen from the high permeability shown on the scintigrams (Fig. 2a) .
In Fig. 2d the full length of an open intercellular junction is shown. The same ultrastructural features, the absence of fenestrations together with the absence of tight junctions, were observed also in the three glioblastomas (cases 9, 10, 11) of group B.
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In Fig. 3a-c (Fig. 3b) . The intercellular junctions were long and convoluted, and the fusion of the opposing cell membranes extended a substantial distance from the lumen side of the capillary wall towards the basal side (Fig. 3b, c) . At high magnification a pentalaminar arrangement was clearly visualised (Fig. 3c) .
In Fig. 4a, b (Fig. 4a) . Intracellular junctions were relatively short and the full length of the junction could be resolved. At different points along the opposing cell membranes punctate fusion of the outer leaflets of the unit membranes was observed (Fig. 4b) Original magnification X 140 000. novsky, 1967; Brightman et al., 1970) . It was suggested that the tight junctions between endothelial cells are of the zonula occludens type, forming a complete belt around the cells (Reese and Karnovsky, 1967) . This arrangement prevents the passage of horseradish peroxidase, lanthanum, and other test substances from the blood into the brain (Reese and Karnovsky, 1967) . Pertechnetate is also excluded from brain tissue by the normal CNS vessels but penetrates into brain tumours.
In the present study we have attempted to correlate the various patterns of pertechnetate uptake-that is, rapid and intense uptake, intermediate slow uptake, and almost no uptake-in certain tumours, with their capillary ultrastructure. In previous studies, changes in the bloodbrain barrier in human tumours were suggested (Brightman et al., 1970) but given structural features were not correlated with an in vivo penetration of a test substance.
In glioblastomas the absence of the blood-brain barrier was demonstrated by the use of fluoresceinprotein tracers. It was correlated with open endothelial cell junctions and fenestrated capillary walls (Long, 1970) . In haemangioblastoma (Tani et al., 1974) metastatic renal carcinoma (Hirano and Zimmerman, 1972) , and Schwannoma (Long, 1973) , the increased permeability of the capillaries was explained by the presence of fenestrations in the endothelial cells, open junctions, and perhaps numerous pinocytotic vesicles.
The ultrastructure of the capillaries of all the common types of meningiomas was examined by Long (1973 Studies on animals are now in progress to correlate the uptake of labelled drugs used in chemotherapy with the ultrastructural features of endothelial junctions in brain tumours.
